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Abstract 
 
There is growing awareness amongst policy makers, scholars and practitioners that the 
Information and Communication Technology (ICT) sector plays an important role in a 
country’s economy and welfare. The ICT sector relies on highly performing technical 
infrastructures but also needs skilled people who are able to understand its complexities and 
are fully capable of making the best use of its potential.  
 
In this article we present and discuss this tension for the case of Luxembourg, one of the 
smallest countries in the world whose economy is open and largely service driven. Although a 
lot of improvements have been made in recent years regarding its ICT infrastructure, 
Luxembourg performs poorly in international league tables with regards to e-skills or digital 
competences showing a tendency to a “second level digital divide” in terms of its ICT 
professionals.  
 
Drawing on a prior study which mapped Luxembourg’s ICT ecosystem, we conducted 
qualitative interviews with human resources managers that allowed us to identify the need for 
relevant ICT professional skills. By applying an e-competences framework, we have identified 
six different families of ICT jobs that are most demanded in Luxembourg as well as their 
underlying competences. We then present several policy initiatives that could address the 
challenges faced by Luxembourg. By doing so we provide a contribution in order to better 
understand the issues related to e-skills and digital competences in a small country. To the best 
of our knowledge this is the first study of this kind looking specifically into the e-skills situation 
in Luxembourg 
 
Keywords: e-skills, digital divide, competences frameworks, Luxembourg, ICT  
1. Introduction 
There is an on-going debate amongst scholars, practitioners and policy makers about the 
importance of Information and Communications Technologies (ICT) for the sustainable 
development of Europe and its role in terms of competing with the US or Asia (Bughin et al., 
2016). A crucial element in this discussion is the growing lack of ICT skills throughout almost 
all EU member states (European Schoolnet, 2015). Many, if not most, EU member states are 
facing a growing lack of e-skills and it is predicted that there will be an overall shortage of 
supply of about 800,000 ICT professionals in the EU by the year 2020 (European Schoolnet, 
2015; Gareis et al., 2014; Hüsing, Korte, & Dashja, 2015).  
In this paper, we examine this situation looking at the case of Luxembourg, one of the smallest 
EU member states. The ICT sector generates about 7% of Luxembourg’s GDP and directly 
employs about 17,000 people (Luxembourg for Business, 2013a) distributed across nearly 
1,800 companies. Successive governments have supported the development of the sector by 
stimulating investments in communication infrastructures and data centres (Binsfeld, Whalley, 
& Pugalis, 2015). This has allowed Luxembourg to improve its position in international league 
tables like, for example, the networked readiness index produced by the World Economic 
Forum (World Economic Forum, 2015). However, when looking into the details of such 
assessments it appears that not all of the underlying contributing factors have developed 
positively in recent years. Whereas Luxembourg is amongst the top performers in terms of 
telecommunications infrastructures and datacentres (Luxembourg for Business, 2014), it does 
not score very well in terms of e-skills. In particular, Luxembourg lacks ICT professionals and 
their associated digital competences. Luxembourg’s country profile (European Commission, 
2015b, 2015c) within the Digital Economy and Society Index (Mateus, 2015), shows that, 
whilst there are widespread basic digital skills available, there is a shortage of qualified ICT 
experts in Luxembourg. Thus “in 2014, 58.5% of enterprises which recruited or tried to recruit 
staff for jobs requiring ICT specialist skills reported problems in filling these positions, up 
from 52.8% in 2012. This is the second-highest figure in the EU” (European Commission, 
2015c).  
Furthermore, Luxembourg shows the lowest percentage of graduates in STEM (science, 
technology, engineering and mathematics) graduates with only 3.6 graduates in STEM per 
1000 individuals compared to an average of 17 graduates per 1000 individuals across the EU 
level. Having said this, there is high demand as about 5.1 % of the working population are 
considered to be ICT specialists, which is amongst the highest demands within the EU 
(European Commission, 2015c). As can be expected, the lack of ICT specialists, combined 
with a high demand, leads to significant competition between different employers and to 
comparatively high salary levels for those possessing the required skills. Thus, for example, an 
experienced CIOs can earn as much as €250,000 per year - similar to salaries paid to CEOs - 
according to a recent study by recruitment specialists (Hays, 2016). However, this obviously 
has a negative impact on Luxembourg’s productivity and international competitiveness 
(Thelen, 2014).  
When looking at the Networked Readiness Index (NRI) (Baller, Dutta, & Lanvin, 2016; World 
Economic Forum, 2015), it can be seen that Luxembourg is performing particularly badly on 
aspects such as “quality of management and scientific education” where it ranks 39 of 143 
countries , “tertiary education enrolment” (93rd), “E-participation” (54th) and “quality of maths 
and science education” (28th)1. Similarly, the International Telecommunications Union looks 
                                                        
1 The authors are also working on an article which discusses the lessons to be learned from NRI for Luxembourg in greater details. 
at skills related aspects as part of its ICT Development Index (IDI), which is unfortunately only 
updated every 5 years (International Telecommunications Union, 2015). In 2015, Luxembourg 
ranked first worldwide in the “access” sub-index and 5th in the “use” sub-index, whilst it ranked 
only 80th in the “skills” sub-index, a position even worse than in 2010 when it was 73rd. 
On the other hand, the EU commission (European Commission, 2014) confirms a growing 
demand for ICT professional skills but also finds that the country’s digital strategy 
(Gouvernment du Luxembourg, 2014) makes little reference to e-leadership skills and/or 
digital entrepreneurship. Several other prior studies have looked into the potential for e-jobs in 
Luxembourg (Fedil, ABBL, & CLC, 2014; FEDIL, 2012; Gareis, Markus, Dashja, & Stabenow, 
2015; Gouvernement du Luxembourg, 2011). These studies developed predictions about 
expected jobs in terms of numbers and, by doing so, confirmed a high and growing demand for 
ICT professionals. None of these studies identified current and future specific e-skills or e-
competences needs for ICT professionals, and none of them proposed initiatives to develop or 
acquire these skills. Moreover, many of the above studies relied on secondary statistical data,2 
which is often collected for a different purpose and carries the risk of being outdated. 
 
Looking at all of the above, it appears that in the particular context of ICT professionals 
Luxembourg shows signs of a “second level digital divide” (Min, 2010; van Deursen & van 
Dijk, 2015; van Dijk, 2006). Therefore, in this paper, we address the question about what 
specific e-skills and ICT job profiles are needed today and in the foreseeable future in order to 
support the economic growth of Luxembourg’s ICT sector. To explore this question, we adopt 
a qualitative approach. Building on our initial study about the strengths and weaknesses of the 
ICT sector in Luxembourg (Binsfeld, Pugalis, & Whalley, 2015), we conducted a second 
explorative qualitative study focussing on e-skills for ICT professionals and collected new 
empirical evidence through direct engagement with actors in charge of human resources from 
a sample of companies. The outcomes of this second study are presented here. We identify, 
using the conceptual framework of the e-competences model developed by the EU commission 
(European Committee for Standardization (CEN), 2014b, 2014c), different e-skills and 
families of jobs which interviewees perceived to be particularly important. To the best of our 
knowledge this is the first time such a study has been performed in the context of Luxembourg. 
We intend to provide a contribution to stimulate the debate about the second level digital divide 
amongst policy makers, education and training providers and companies not just in 
Luxembourg but also in similar economical or geographical contexts. 
The rest of this paper is divided into 4 sections. Section 2 presents and discusses some of the 
general frameworks in terms of e-skills, e-competences and digital jobs and presents the 
growing demand for e-skills at international level. Section 3 introduces the methodology 
applied and then presents the outcome of our empirical work in terms of job families, ICT 
competences and training offer in Luxembourg. Section 4 summarises the outcome of this 
empirical research and suggests policy initiatives which could help to address the situation. 
Section 5 provides some overall conclusions and suggestions for further actions and research. 
       
  
                                                        
2 See for example the list page 15  in (Gareis et al., 2015) 
2. Digital Competences, e-skills and ICT professionals 
There is some uncertainty in literature about what actually constitutes an e-skill or e-
competence and what is meant by digital competences (Ant, Goetzinger, & Binsfeld, 2016). 
Consequently, definitions remain fluid and contested, and there is no widely accepted notion 
‘e-skills’. The purpose of this section is to present different definitions and to introduce the 
conceptual framework which has been used to analyse the data.  
According to Ilomäki, Paavola, Lakkala, & Kantosalo (2014), e-skills encompass a wide range 
of ICT related elements such as knowledge, skills, abilities, attitudes, performances and must 
be seen in a wider perspective of social and managerial skills. They systematically reviewed at 
a total of 76 different studies and suggested that digital competence can be defined as consisting 
of four components:  
(1) technical competence;  
(2) the ability to use digital technologies in a meaningful way for working, studying and in 
everyday life;  
(3) the ability to evaluate digital technologies critically; and 
(4) the motivation to participate and commit in the digital culture. 
Along similar lines, the European Commission proposes a comprehensive model for a 
definition and hierarchy of e-skills according to three different proficiency levels (Mclaughlin 
et al., 2014): 
 ICT user skills/digital literacy - skills that are fundamentally necessary for the effective use 
and application of common ICT systems, devices and software tools in support of their own 
work and their personal interests. Broadly speaking, these cover the term ‘digital literacy’, 
which refers to the confident and reflected use of ICT for work, leisure, learning and 
communication.  
 ICT practitioner skills -  skills that are necessary for researching, designing, developing, 
planning strategically, managing, producing, consulting, marketing, selling, integrating, 
installing, administering, maintaining, supporting and servicing ICT systems. 
 E-business/E-leadership skills - these refer to the abilities needed to exploit strategic 
opportunities by using ICT technology (especially the Internet), to assure stronger 
performance of organizations and to research capabilities for new ways of improving or 
implementing business, administrative and organizational processes. E-business skills are 
linked to strategy and innovation, and contain in addition a significant part of generic, i.e. 
non-sector and non-ICT specific skills.  
This paper will focus exclusively on ICT professionals, which can broadly be located in the 
ICT practitioners and E-leaders categories identified above. Again there is some uncertainty 
what is actually meant by an ICT professional – see, for example, Thompson (2008) who argues 
that the profile and the role of an ICT professional has evolved dramatically over time and is 
likely to further evolve in the future. Agresti (2008), therefore, argued that a “body of 
knowledge” would be required to come up with a more precise definition of the ICT profession.  
Building on this idea, the EU commission proposed such a “foundational body of knowledge” 
(Veling, Murnane, O’Brien, & Mclaughlin, 2013) in order to establish “a common language” 
and “a shared understanding”, at least at the EU level, of what constitutes an ICT professional. 
As part of this initiative, they also developed a “European e-competence framework”, which 
suggests 36 ICT competences and five proficiency levels with the aim of providing more 
transparency regarding ICT competences across organisations and countries (see Figure 1 
below).  
A wide range of similar frameworks have been developed such as, for example, the skills 
framework for the information age (SFIA)3, the information security skills framework (IISP)4, 
the “référentiel de competences TIC du collectif genèvois (Collectif genevois pour la formation 
de base des adultes, 2015), the conceptual framework for digital competences (Ferrari, Punie, 
& Brečko, 2013) or the framework developed by Canada’s Association of IT Professionals 
(Information and Communications Technology Council, 2014). All of these models identify 
broadly similar job roles than the ones mentioned in Figure 1. In parallel, Ferrari, Punie, & 
Brečko, (2013) have also developed a model for digital literacy and digital competences which 
are increasingly required by the general public a part of their day-to-day lives. This model 
covers the following five areas: information processing, communication, content-creation, 
problem-solving and safety. It is, however, less suitable for ICT professionals because it 
focusses on the usage of ICT by the general public.  
 
FIGURE 1 - STRUCTURE OF EUROPEAN ICT PROFILES (SOURCE: CEN) 
Generally speaking these models tend to be very similar and given the specific context of 
Luxembourg, we have focussed in the following on the use of the EU e-competences 
framework5. Based on the European ICT Professional Profiles, the e-Competence Framework 
provides a reference of competences for ICT professionals, using a common language for 
competences, skills and proficiency levels that can be understood across Europe. It was created 
for application by ICT service, user and supply companies, for managers and human resource 
(HR) departments, for education institutions and training bodies including higher education, 
for market watchers and policy makers, and other organisations in public and private sectors. 
                                                        
3  See http://www.sfia-online.org/en  accessed 2.7.2016 
4  See www.iisp.org accessed 2.7.20216 
5 This framework has also be used by the authors to analyze the qualitative data collected during their research process 
It has been widely documented, there is a wide range of material available to explain how it 
can be applied  and it has been standardised by the European Committee for Standardization, 
(2014a, 2014b, 2014c)6. 
3. What specific e-skills are needed for Luxembourg’s ICT ecosystem now and in the 
foreseeable future? 
3.1.  Methodology 
As mentioned above, we collected in a first step primary data by conducting a set of 51 
interviews with stakeholders active in the local ecosystem, obtaining in the process their views 
about the strengths and weaknesses of the ICT Ecosystem in Luxembourg (Binsfeld et al., 
2015). This initial study did confirm the findings from previous research as many interviewees 
complained about the missing “entrepreneurial mind-set”, the lack of professional e-skills and 
a growing second level digital divide. It was not possible, however, to identify in detail what 
specific e-skills were needed as we talked at this stage to CxO level stakeholders rather than to 
heads of human resources or officers in charge of recruitment. Therefore, we carried out a 
second qualitative and explorative analysis building on semi-structured interviews with mainly 
Heads of Human Resources in order to collect their views about the different job profiles that 
might be relevant for Luxembourg. 
According to Luxembourg’s statistical office (Statec, 2012), there are nearly 1,800 companies 
active in the ICT sector in Luxembourg. About 91% of these are very small with less than 10 
employees and 62% are one man businesses. About 150 companies employ between 10 and 20 
employees and another 130 between 20 and 250 employees whereas only 4 companies employ 
more than 250 people (of which the publicly owned telecommunications incumbent operator 
represents the biggest one)7. Taking this industry structure into account, we identified a sample 
of 20 interviewees with representatives from the 4 biggest players but also including 
representatives from the one man companies in order conduct the interviews.  
The main objectives of our interviews was to collect opinions and views about the following 
issues: what are the most relevant technological trends that affect e-skills, what are the 
perceived most relevant and job profiles, what levels of qualification, certification, education 
and training are most looked for, is previous experience important, why is there not more local 
supply of workforce, which are the countries of residence of existing workforce and what are 
the perceived future needs in terms of jobs and qualifications. All interviewees were briefed by 
telephone and received a written list of questions (interview guide) before the interview so that 
they were able to prepare themselves and collect the necessary information within their 
organisations. 
In terms of introduction and before actually discussing the specifics of e-skills and job roles, 
interviewees were asked what they perceived as the technological trends that could have a 
major influence on their respective organisations and indeed the whole ICT ecosystem in the 
short and medium term. The following trends were identified by the interviewees: 
 mobility and mobile application technologies  
 growing importance of social media for both private and business purposes.  
 cloud computing  
 big data analytics 
                                                        
6 More information on e-CF and alternative competences models and their application can be found for example in Ant et al., (2016) 
7 More information about the structure of the ICT ecosystem can be found for example in Krylova, (2015) or in (Service des Médias et des 
Communications, 2013) 
 the Internet of things (IoT) 
 IT security 
This is very much in line with many recent studies identifying and examining technological 
trends. Indeed, the same topics are mentioned in, for example, Accenture, (2015); Deloitte, 
(2015); European Schoolnet, (2015), IDC (2014) and Robinson, Hendricks, Hanny, Korte, & 
Hüsing (2015). 
Interviews generally lasted around 40 minutes and the responses were noted down directly into 
the interview guide and their correctness of these notes validated with interviewees. The 
outcome of the interviews was analysed using the e-competences framework mentioned – see 
Figure 1.  
To conclude the process and develop a deeper understanding of the results, three prospective 
workshops were organised with a subset of the interviewees mentioned above. The objective 
of these workshops was to identify potential initiatives and specific actions that might help to 
improve the situation. Workshop participants were asked to brainstorm and discuss what 
according to them should and/or could be done8. The outcomes were then discussed with a 
wider range of stakeholders in order to draw general conclusions towards identifying what 
specific e-jobs and digital competences would actually be required. In addition, we also 
conducted a summary of the ICT training offer in Luxembourg in order to establish a high-
level inventory of local initial and vocational training offers for the ICT sector with the 
objective examine whether the current training offer actually corresponds with the skills sets 
required. 
3.2. Empirical findings from the interviews 
The outcomes presented here should be considered taking into account the fact that the specific 
situations of the different companies interviewed could vary substantially. A one-man company 
has different recruitment needs than one with say nearly 1,000 highly qualified and specialised 
ICT professionals. The opinions expressed in terms of job profiles have been related to the e-
competences framework in Figure 1. They have then been cross-checked with the findings of 
the recent study by the local business federation mentioned above9, which builds on a much 
larger and different sample size (Fedil, ABBL, & CLC, 2016). This process allowed to identify 
six families of e-jobs which are considered as being the most relevant for the Luxembourgish 
ICT sector. These are:  
 Jobs related to marketing, communication and business intelligence  
 Jobs related to IT management, quality, testing and security, technical oriented profiles 
related to infrastructure and network management 
 Jobs related to IT governance and IT project management 
 Jobs related to user assistance and support 
 Jobs related to design, development and maintenance of software and applications.  
As shown in Table 1 these families of jobs were felt relevant by many of the participants, 
although their activities and sizes show a great variation. Considering the technological trends 
mentioned above, most interviewees agreed that demand for the identified job profiles was 
likely to further increase in the coming years. This observation was verified by two local 
recruitment agencies specialising in ICT jobs in Luxembourg 
                                                        
8 A summary overview of some potential initiatives is provided in appendix 
9 The lead participated in this study as a representative of his organisation 
 
TABLE 1 - JOB PROFILES MENTIONED IN INTERVIEWS 
Interviewees reported that many of their employees had followed, in terms of their formal 
education, a technically oriented curriculum in computer science and nearly all of them have 
acquired their qualifications outside of Luxembourg. Qualifications were obtained either 
within the greater region (France, Belgium, Germany) or further afield (Switzerland, UK or 
USA). In terms of the required formal qualification levels, it was reported that only a low 
number of job roles can be fulfilled with a qualification level below at least two years of 
university studies. A clear majority said that for them, Bachelor of Science and Master of 
Science level qualifications would be the most relevant.  
 
 
FIGURE 2- QUALIFICATION LEVELS OVER TIME (SOURCE: FEDIL) 
 
Company
Employees in 
Luxembourg Main activity
Marketing, 
Communication and 
Business Intelligence
IT Management, 
quality, testing and 
security
Infrastructures 
and networks
IT Governance and 
Project Management
User Assistance 
and Support
Software 
development and 
maintenance
1 1500 E-commerce X X X X
2 200 Research and Development X
3 30 Web and Online Marketing X X
4 30 SAP integrator X X X
5 5 Cybersecurity X X X X
6 5 Web design X X
7 5 Cybersecurity X X
8 5 Digital Marketing X X
9 5 Software Development X X
10 15 IT maintenance services X X X
11 15 IT infrastructure and cloud services X X X X X
12 3000 Telecom incumbent X X X
13 50 IT Consulting X X X X X
14 500 International media company X X X X
15 500 Satellite operator X X X
16 30 IT Project Management X X
17 300 Software Development X X X X X X
18 30 IT Consulting X X X X X
19 300 ICT Integrator X X X
20 20 VoIP equipment provide X X X X X
0%
10%
20%
30%
40%
50%
60%
2002 2004 2007 2008 2010 2012 2014 2016
Year
Qualification levels over time
Basic Technician A-level Higher Techniciannnn BSc MSc/PhD
Again these findings have also been confirmed in the quantitative study of Fedil, ABBL, & 
CLC (2016). They found that the qualification level of skills needed appears to be increasing 
between 2002 and 2016 and that there is now a growing demand for Bachelor, Master and even 
PhD level qualifications (see Figure 2). 
In terms of nationalities, a lot of the existing workforce appears to be of French or Belgium 
extraction and these employees tend to reside in their respective home countries and commute 
to Luxembourg on a daily basis. Figure 3 (below) presents an overview of some of the comment 
made regarding this issue by interviewees. It confirms some of the difficulties that employers 
face when trying to recruit the necessary job profiles. Apparently, the country is not able to 
produce its ICT professionals locally. 
 
 
FIGURE 3 - AN INTERNATIONAL WORKFORCE 
Perhaps this can be partially explained by the fact that there also appeared to be little formal 
local training and education opportunities for the respective e-jobs and Luxembourgish natives 
do not seem to be attracted by jobs in ICT10. Interviewees mentioned their growing difficulties 
to attract potential candidates to Luxembourg and keep them motivated to stay there. The 
interviewees also sometimes identifying the fact that French as the predominant working 
language would limit their choices with respect to whom they could recruit.  
Participants also highlighted the importance of previous working experiences and vocational 
training given the very rapidly evolving technical and regulatory environment. Work 
experience was felt to be of importance but companies are also prepared to recruit directly from 
                                                        
10 A representative of the Ministry of Education indicated to the lead author recently that only about 130 students each year are prepared for a 
potential career in ICT 
school or university as very often it is difficult or impossible to attract experienced people. 
Many interviewees reported that they recruited junior staff and that substantial investment were 
made into the continuous vocational education and training of these junior recruits. The 
difficult then resides in keeping these people on board due to the high competition between 
employers. Some also mentioned issues related to experienced people leaving companies for 
sometimes better paid and more secure jobs within the public sector. Figure 4 presents the 
details of some comments collected about working experience and vocational training. 
 
 
FIGURE 4 - WORK EXPERIENCE, VOCATIONAL AND FORMAL EDUCATION 
When asked which profiles interviewees had the most difficulty to find the relevant skills and 
resources the following comments, as shown in Figure 5, were made. Given the variety of 
activities of the different companies in the sample, a wide range of job profiles has been 
mentioned and no clear priorities emerged. There was however, again a link to the 
technological trends identified above. Thus, this question was further debated with a subset of 
interviewees as part of exploratory workshops. 
 
 FIGURE 5 – JOB PROFILES MOST LOOKED FOR (2015) 
3.3.Exploratory workshops and brainstorming sessions 
During these exploratory workshops, participants brainstormed about the types of competences 
they felt to be most relevant to them and identified three groups of competences:  
 key competences that were felt being absolutely necessary;  
 important competences that were felt necessary; and, 
  “nice-to-have” additional competences.  
Obviously, this table is based on a limited subset of companies, though all of the larger actors 
directly participated in the workshops. It is interesting to observe that none of these 
competences is directly linked to technical skills. Workshop participants felt that the technical 
skills can be provided “on-the-job” or via vocational training as long as employees possess a 
sound basic technical understanding. Some of the human and social skills listed in Table 2 are, 
however, more difficult to acquire through training or education.  
  
 
Key Competences 
Good written and oral communications skills 
Innovative and creative mind-set 
Generate and understanding strategic visions 
Identify and understand stakeholders needs 
Being able to work autonomously 
Being flexible, multi-disciplinary 
Knowing about norms and standards 
Good language skills (at least 2 different one) 
Emotional intelligence 
Being able to take decisions 
Problem solving capabilities 
Important Competences 
Being able to sense and understand the main technological trends and 
evolutions 
Working in teams 
Negotiating capabilities 
Understanding budgets and financial issues 
Having an analytical mind 
Being able to manage and drive change 
Application development skills 
Project management skills 
Safety, security and risk management competences 
Self-marketing skills 
Complementary Competences 
Basic understanding of legal aspects 
Leadership skills 
Basic understanding of digital marketing techniques 
Being productive 
TABLE 2 - DIFFERENT LEVELS OF COMPETENCES 
Participants were also asked to comment on what they felt might be the main underlying 
reasons for these missing competences and what they felt they could do about and the following 
present some of the comments which were made. As can be observed from Figure 6, there was 
some consensus that the local university did not yet offer a curriculum that completely matches 
the needs of the local ICT sector. As a result, a lot of the training available was coming from 
outside Luxembourg. There was some disagreement about the importance of technical versus 
social skills – some participants felt that there was too much focus on technology whereas other 
were of the opposite opinion. 
 
 FIGURE 6 - PERCEIVED MISSING COMPETENCES 
3.4. Education and training offers 
Taking into account the aforementioned comments regarding the lack of appropriate training 
and education offers, we also examined the relevant training programmes available in 
Luxembourg and within in the greater region both in terms of formal qualification programmes 
as well as vocational education and training based on specific certifications. Both the initial 
education as well as vocational training and education are relying to a large extent on offers 
available in the surrounding countries.  
These findings are supported by OECD who concluded that enrolment rates for higher 
education in Luxembourg are relatively low, and that a lot of importance and time is devoted 
to language teaching (OECD, 2014). This, however, is a direct consequence of Luxembourg’s 
smallness, its reliance on foreign workforces and the necessity to speak at least three or four 
languages. OECD also comments that the ratio between teachers and students is very low and 
that Luxembourg’s budget for education is relatively high in comparison to other OECD 
countries. In another OECD study focusing on Luxembourg’s innovation policy (OECD, 2015), 
it was found that, although there is a local university and several public and private research 
centres, these are not actively helping to address the lack of STEM competences. European 
Schoolnet and University of Liège in particular have looked into the use of ICT in education 
in Luxembourg as part of a EU wide study (European Schoolnet, 2012) and identified the good 
availability of equipment and infrastructure, but a below average use of this equipment and a 
serious lack of confidence of using digital technology among both students and teachers.  
If we critique the available education and training offers, we can make the following 
observations:  
 For the jobs related to marketing, communication and business intelligence – there is nearly 
no training offer available in Luxembourg, nor in the greater region, except for ‘pure’ 
marketing courses. The IT component in these courses is largely missing just as the 
business intelligence (data scientists, data analysts etc.) based on “big data” technologies 
is nearly inexistent.  
 For jobs related to IT management, quality, testing and security, a wide range of trainings 
and education programmes are available (Institut Universitaire International Luxembourg, 
2014). However, due to the rapid technological changes to be expected in this area it is 
important to constantly adapt the training offer to the needs of employers and those being 
trained.  
 For jobs related to infrastructure and network management there is a wide range of trainings 
available which probably will have to evolve and focus more on “cloud computing” in the 
future.  
 For jobs related to user assistance and support, interviewees perceived a substantial lack of 
available training. Much of what is available is provided directly by hardware or software 
vendors often outside of Luxembourg.  
 For the jobs related to software development, there is a wide range of trainings, often at an 
international level, available. A wide range of trainings are offered as on-line, self-study 
modules. Luxembourg does not offer any local certification related to ICT, all certifications 
are “imported” from outside of Luxembourg. However, there are some local test centre 
facilities available.  
Given the quickly evolving technological environment, vocational training and life-long 
learning is particularly important to e-skills. In that respect, interviewees felt that more could 
be done to communicate the existent training programmes and offers to interested parties. This 
was also confirmed through discussions with additional stakeholders by Ant et al (2016). Quite 
simply, there appears to be a lack of information regarding the available training and education 
offers so far. Ant et al. (2016), therefore, propose the creation of “virtual” ICT centre of 
competences that would whose mission would be to establish an inventory of the existing offer 
and provide some kind of a matching tool between this offer and the perceived training needs 
of companies and individuals. 
Furthermore, it was felt that not enough young people (and their parents) know about e-jobs 
and their potential as a successful future career choice. This was also observed in a study 
conducted by the local business federation (Fedil et al., 2016), with the authors of this study 
establishing a dedicated web site in order to contribute to raising awareness11.  
Interviewees also mentioned that all involved stakeholders - employers, the different sector 
representatives, different government agencies as well as the media - would have to intensify 
their efforts in order to promote the ICT sector. 
3.5. Recruitment needs and training priorities 
Building on the findings above, participants during the prospective workshops identified 
different specific job profiles and classified these in terms of both recruitment priority needs 
and training needs. These needs are summarised in Table 3 (below). This table is based on a 
limited number of companies, though all of the larger players in Luxembourg participated 
directly in this workshops.  
Less critical jobs profiles – low 
recruitment needs – low training needs 
Business dependent job profiles – high 
recruitment needs – lower training needs 
                                                        
11 See www. http://www.tic-tonjobdavenir.lu/ accessed 13.8.2016 
Project Manager, E-journalist, Graphical 
Expert, Telecommunications Engineer, 
IT Manager, CIO, Data Security 
Engineer, Online Marketer, Web 
Designer 
Social Media Administrator, Social 
Media Consultant, Social Media 
Operator, 3D Designer, Programmer (C, 
C++), Maintenance Engineer, 
Maintenance Technician, Software 
Developer, Helpdesk Technician, IT 
Technician, IT Administrator, Network 
Administrator 
Technological jobs profiles – high 
training needs 
Critical job profiles – high recruitment 
needs – high training needs 
Bioinformatics, Security researcher, 
ERP consultant, IT trainer/consultant, 
SaaS consultant, Strategic coordinator, 
Change and Innovation manager, E-
services managers, IT Engineer, 
Network Engineer, Systems Engineer, 
Penetration Tester, Internet of Things 
Specialist, Transition Manager, Video 
Specialist 
Cloud Architect, Cloud Engineer, Cloud 
Orchestrator, Cloud Technical Product 
Manager, Cloud Consultant, Cloud 
Administrator, Security Engineer, 
Security Consultant, Business 
Intelligence Analyst, Data Analyst, Data 
scientist, Legal Experts, Systems 
Architects, Technical Sales People, 
Virtualisation Consultants, Application 
Designer, Application Developer 
TABLE 3 - DIFFERENT GROUPS OF JOB PROFILES 
In particular, the argument has been compiled with the inputs of the four most important players 
within the ICT ecosystem in Luxembourg. Four categories of jobs were identified in terms of 
their perceived business importance, the level of additional training offer and the needs that 
participants felt would be required. These most critical job profiles are in line with the general 
technological trends noted above, and in this respect Luxembourg is no different from other 
countries.  
4. Discussion – a second level digital divide and what can be done about it? 
The empirical work outlined in the previous main section provides evidence that Luxembourg 
does indeed suffer from a second level digital divide in terms of professional e-skills. In general, 
there are not enough ICT professionals available. More particularly, the specific six families 
of job profiles identified above are not available in sufficient numbers. Young people appear 
not to be very motivated and interested in working in the ICT sector, or they fail to receive 
information about its potential. Our research has highlighted an under provision of local 
educational education and training programmes in Luxembourg and is line with a recent study 
conducted by Empirica for the EU commission (Gareis, Markus, Dashja, & Stabenow, 2015). 
On the other hand, the e-skills issue is not very high on Luxembourg’s policy agenda, which 
seems to focus more on the development of the underlying infrastructures (Binsfeld et al., 
2015)  
In order to address this situation, Luxembourg has so far largely relied on attracting talented 
individuals from outside the country, especially from the greater Luxembourg region (Digital 
Lëtzebuerg, 2016; Thibaut, 2016). This source appears to be declining and thus may not be 
sustainable, and leads to strong competition between employers when seeking to recruit talent. 
This, in turn, leads to increased wages as documented by, for example, Hays (2016). These 
high salary levels lead in turn to a reduced overall productivity and potential competitive 
disadvantages internationally in terms of jobs related to software and application development. 
As an outcome of the interviews and the prospective workshops, it became apparent that a 
changed approach is needed involving all stakeholders and involving action on several different 
levels including both public (different Government administrations and ministries) as well as 
private actors (companies, industry associations and private training and education providers). 
In terms of the existing training offers it is necessary to gain a better understanding of the 
training needs of companies and the public sector, and to establish better communication and 
collaboration between training organisations (both public and private) and actors within the 
ICT ecosystem by, for example, conducting regular enquiries on the skills needed, setting up 
regular information exchanges with ICT organisations and sector representative such as 
ICTLuxembourg (Gaudron, 2014a; ICT Luxembourg, 2015; Le quotidien, 2015). 
The local training offer needs to change. It needs to become more versatile and include social, 
business, entrepreneurial and managerial dimensions. The training also needs to become more 
flexible, focussing on individual competences and certifications rather than diplomas. The 
training should also be practically orientated and directly applicable to the marketplace and the 
requirements of the whole economy. Of particular importance is the need to develop training 
that targets cloud computing, IT security and big data. 
Formal initial education, both at elementary and secondary school levels, might integrate far 
more extensively and far better ICTs as a subject matter but also as means to address problems 
and support pedagogically other subject matters (Thibaut, 2016). However, this will clearly 
take time to implement. In addition, new ways of training might be explored - for example, the 
MOOC’s as part of a blended digital learning curriculum, or “serious games” (Derryberry, 
2007), which are already used in France among other countries12 . Coding schools might 
constitute another interesting alternative, and are currently being introduced into Luxembourg 
(Luxemburger Wort, 2016). Other alternative training and learning formats could include 
mentoring, coaching, combining school and job, and training on the job as well as peer-to-peer 
networks. All of the later could potentially be implemented quite quickly if all stakeholders 
combine their efforts, but will not lead to formal qualifications which can be offered only by 
the formal educational sector. 
A major change is also needed in terms of moving towards a more collective effort by the 
learners, the trainers and training institutions, employers, the academic actors and policy 
makers in order to attract more students to ICT and develop the available training. All of these 
stakeholders need to become more aware that it is in their common interest to develop e-skills. 
An interesting initiative in that sense could be the establishment in Luxembourg of a “National 
Coalition for e-skills”, which was both suggested and has been supported by the EU 
commission (EU, 2013; European Commission, 2015d). Such a national coalition could act as 
a platform for discussion and information exchange between different stakeholders and their 
representative bodies. A first meeting of such a coalition has already taken place (March 2016), 
and a further meeting is scheduled to occur in the autumn. 
Cross- or inter-disciplinary learning needs to emerge. A managerial dimension could be 
incorporated into ‘conventional’ IT training, and IT included into vocational education and 
training. Several vocational training providers, who are supported and financed by the Chamber 
of Commerce and the Chamber of Crafts, have recently announced the creation of a “virtual 
ICT centre of competences” in order to address this issue (Zabatta, 2015). As these new 
curricula emerge, trainers and educators will also have to develop their own skills in 
information security and skills related to the practical use of different new technologies. They 
need to evolve into learning facilitators and co-builders (or even co-learners) of knowledge. 
Trainers and educators also need to be more open and prepared to be assessed and challenged 
                                                        
12 see http://www.cigref.fr/sensibiliser-a-la-cybersecurite-le-serious-game-cigref-dans-les-entreprises accessed 14.12.2016 
on their performance (OECD, 2013). Their new training methods may include for example 
games, programming or entrepreneurial approaches. The preferred educational formats might 
become coaching and mentoring rather than formal teaching. In that respect several training 
organisations have recently cooperated to launch a specific “train the trainers” training offer 
(Thelen, 2016). 
Companies have also their share of responsibility in training their current and future employees. 
To further develop e-jobs skills, stakeholders might unite more to develop a pool of e-jobs 
skills in Luxembourg. Similarly, cooperation between private and public sectors seems 
essential for the development of such a pool in Luxembourg. Employers might contribute more 
to the development of training modules and thus support the development of the economy and 
the employability of graduates. Some larger international actors such as Cisco, HP or IBM have 
recently expressed13 their interest to establish local training centres. One can, of course, reflect 
about what the objective of these actors really is? Helping to address the situation in 
Luxembourg, or trying to promote their technology solutions in order to promote their sales.  
As the focus is increasingly placed on the creation of expertise within a specific business 
environment, companies must ensure the practicability of trainings to the specificities of the 
the Luxembourgish ICT sector’s and its economy, and enable the development of skills on the 
job through internships or other immersions in the business context. In that respect it is 
interesting to point out that both the Chamber of Crafts and the Chamber of Commerce as well 
as the banker’s association have established new vocational training institutes in 2015 (Adam, 
2015; Couset, 2016; Osorio-König, 2015; Schmit, 2015). 
All of these suggestions imply that the learners, the teachers and educators, the employers and 
policy makers feel jointly responsible for improving the quality of existing training and 
developing new initiatives. Stakeholders would need to invest collaboratively and to apply 
themselves in the design and realisation of new skill sets and trainings involving technical 
competences, social and behavioural competences, managerial and business competences, new 
training and education formats. Better collaboration between all stakeholders is thus required 
in order to contribute to further strengthening the ICT ecosystem in Luxembourg. This, 
however, currently proves to be difficult as there is no entity or platform, neither on the public 
nor on the private side, that could play the role of facilitating communication and coordination 
between the different stakeholders, In that respect be noted that the Government recently 
launched the “Digital Lëtzebuerg” initiative (Antzorn, 2014; Gaudron, 2014b; Gouvernment 
du Luxembourg, 2014). This initiative also set up a working group on e-skills albeit without a 
specific agenda or budget.   
5. Conclusions and future research 
The ICT sector is important for Luxembourg’s economy and this has been widely 
acknowledged by public and private actors (Kitchell, 2010; Luxembourg for Business, 2013a, 
2013b; PWC, 2011). Many efforts have been made to support the development of the sector, 
in terms of its infrastructure and legal or regulatory environment. This has allowed 
Luxembourg to be competitive and thus become well positioned in international league tables 
(European Commission, 2015a; International Telecommunications Union, 2015; World 
Economic Forum, 2015). ICT are also widely used by the general public; fixed and mobile 
high speed internet access is available to nearly 100% of the population (Frising, 2013). 
                                                        
13 In direct discussions with the lead author 
However, these efforts are not enough and risk being lost if Luxembourg does not also address 
its second level digital divide in terms of ICT professionals. 
Through the use of the e-competences framework we have identified some of the underlying 
reasons of this second level digital divide such as lack of information about the potential of e-
jobs, a lack of interest in STEM topics, and the lack of training and education programmes. We 
also have identified six families of e-jobs which a purposive set of actors from the local ICT 
sector consider to be most relevant ones now and in the foreseeable future. We also have 
identified some underlying competences and training needs. We finally have argued for the 
need of a better communication, coordination and collaboration between the different 
stakeholders and the need of a single entity to take care of this. Perhaps the establishment of a 
national coalition for digital jobs (EU, 2013; European Commission, 2015d), as suggested by 
the EU commission, might be a way forward. 
Of course, we have only been able to provide a snapshot at a given moment in time and with a 
given set of actors, which might be of limited value given the disruptive forces in an extremely 
quickly evolving ICT environment. We hope nevertheless that our work has helped to raise 
awareness and to put the second level digital divide topic on the agenda of policy makers, 
academics and vocational training providers.   
Clearly more in-depth research will be necessary on several of the issues identified. For 
example, there needs to be a better understanding of MOOC’s, there availability and how they 
can be integrated into a learning curriculum. Given the quickly evolving external environment 
there should also be a continuous monitoring process of professional e-skills needs and 
availability on an on-going. It would also be interesting to gain a better understanding of the 
potential implications of the presence of large international ICT players already present in 
Luxembourg – for example, Amazon, Apple, Cisco and Microsoft – for current and future 
academic activity at the University of Luxembourg and the curriculum of schools. Quite simply, 
what does the presence of these companies mean for the job profiles identified given the pace 
of technological change? 
It would also be of interest to extend the scope of the study beyond ICT professionals and to 
consider the level of general ICT literacy in Luxembourg. A benchmark with other countries 
could be useful in order to learn how the issue is perceived there, and what initiatives might 
already have been taken elsewhere that would be of use within Luxembourg.  
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Appendix –- some suggested initiatives that could help to improve the situation as 
identified during the prospective workshops  
 
Initiative Examples of proposed Actions 
Work towards a 
revision of the 
teaching curricula to 
include more IT 
 Train the teachers how to make best use of ICT 
 Use IT as to support technical and scientific courses 
 Use more IT devices (tablets, lap-tops) 
 Start offering IT related courses at elementary level and 
provide a better integration of IT courses at higher level 
education 
Promote operational 
and on the job 
learning 
 Promote and facilitate internships 
 Improve support and supervision of apprentices by better 
cooperation and collaboration between schools and 
industry 
 Set-up formal partnership between academia and 
industry actors 
 Promote the use of internships as part of recruitment and 
selection procedures 
 Improve matching between interests and skills offered 
and requested 
Use Massive Open 
Online Courses14 
 Select relevant and appropriate MOOC’s and create a 
quality label 
 Establish common e-learning platforms e.g.Moodle 
 Build modular, tailor-made, webinars and/or blended 
learning offers 
Develop a common 
pool of skills 
 Raise awareness on employers level about current and 
future needs 
 Create opportunities for interactions between ICT and 
non-ICT profiles 
 Promote lifelong learning and offer possibilities to move 
from one profile to another 
 Promote the development of interdisciplinary learning, 
vocational training and work projects 
 Make more use of experienced professionals as trainer 
Develop 
Competence Centres 
 Coordinate available experts, increase visibility and 
awareness 
 Position Luxembourg on the international e-skills map 
 Encourage the establishment of joint public and private 
initiatives 
 Create a catalogue of e-competences and regularly update 
it 
 Create and update a training offer allowing to develop 
these e-competences 
Foster 
entrepreneurial spirit 
 Create a favourable environment for entrepreneurship 
 Create a seed-fund 
                                                        
14 See for example Eichler et al. (2016) 
 Attract entrepreneurs to Luxembourg and make them stay 
 Encourage risk taking 
 Develop entrepreneurial trainings and support 
programmes 
 Build on Luxembourg’s regulatory and political 
advantages e.g. stability, trust, languages 
Take advantage of 
specific legislation 
impacting the 
economic 
development 
 Strict data protection laws 
 Financial and operational support via mutualised 
infrastructures e.g. Technoports 
 Short distances, quick access to public administrations 
 Specific laws for cloud offers, e-archiving, electronic 
signatures, cryptography 
 Promote Luxembourg and strengthen its reputation, 
Luxembourg branding 
Commitment to 
customer service 
 Set-up service platforms 
 Raise awareness for e-marketing 
 Create new job profiles e.g. e-government, e-health, 
webdesign, webmarketing 
Consider security as 
an issue 
 Promote risk analysis framework (in place already in the 
financial sector) 
 Raise awareness for SMEs and support their investments 
in security 
 Raise awareness and train final users 
TABLE 4 - PROPOSED INITIATIVES AND ACTIONS 
 
